Fast radio bursts (FRBs) are bright, millisecond-duration radio transients originating from extragalactic distances 1 . Their origin is unknown. Some FRB sources emit repeat bursts, ruling out cataclysmic origins for those events [2] [3] [4] . Despite searches for periodicity in repeat burst arrival times on time scales from milliseconds to many days 2, 5-7 , these bursts have hitherto been observed to appear sporadically, and though clustered 8 , without a regular pattern. Here we report the detection of a 16.35 ± 0.18 day periodicity (or possibly a higher frequency alias of that periodicity) from a repeating FRB 180916.J0158+65 detected by the Canadian Hydrogen Intensity Mapping Experiment Fast Radio Burst Project (CHIME/FRB) 4, 9 . In 28 bursts recorded from 16th September 2018 through 30th October 2019, we find that bursts arrive in a 4.0-day phase window, with some cycles showing no bursts, and some showing multiple bursts, within CHIME's limited daily exposure. Our results suggest a mechanism for periodic modulation either of the burst emission itself, or through external amplification or absorption, and disfavour models invoking purely sporadic processes.
Last year the CHIME/FRB collaboration reported the discovery of eight new repeating FRB sources 4 , including FRB 180916.J0158+65, which was recently localized to a star-forming region in a nearby massive spiral galaxy at redshift 0.0337±0.0002 10 . From September 2018 to November 2019, CHIME/FRB has detected a total of 28 bursts from FRB 180916.J0158+65, which remains the most active source from this recent CHIME/FRB repeater sample. The barycentric arrival times for the 28 bursts (including those has been published before) from FRB 180916.J0158+65, corrected for delays from pulse dispersion, are listed in Extended Data Table 1 .
To search for periodicity, the burst arrival times (spanning a 400-day time range) were folded with different periods from 1.57 to 62.8 days (see Methods), with a Pearson's χ 2 test applied to each resulting profile with 8 phase bins 11 . A reduced χ 2 1 with respect to a uniform distribution indicates a periodicity unlikely to arise by chance. Furthermore, to account for the possible non-Poissonian statistics of the bursts 12 , we have applied the search with different weighting schemes that consider clustered bursts of different time range to be correlated events (see Methods).
Searches with different weightings return periodograms of similar shape and have the same primary peak with significance varying between 3.5 − 8σ. As an example, the reduced χ 2 versus period using a weighting that counts only active days instead of indi-vidual events is shown in Figure 1a . A distinct peak is detected at 16.35 ± 0.18 days, with a probability of chance occurence ∼ 10 −7 (equivalent to 5σ), accounting for the number of independent periods searched. The other χ 2 peaks correspond to harmonics and subharmonics of the period, with the one at 32.7 days being the next most prominent. As a check, the same procedure was run on two types of control samples (1) a mock data set, consisting of burst arrival times randomly sampled according to the daily exposure of FRB 180916.J0158+65 with the full width half maxumum (FWHM) of the telescopes synthesize beams at 600 MHz ( Figure 1b ) and (2) randomly selected pulses from Galactic radio pulsars of similar declination detected by CHIME/FRB (Figure 1c ) which have the same limited daily exposure and long-term sensitivity changes as the data for FRB 180916.J0158+65. The 16.35-day periodicity is absent in the control samples, and with 10 6 sets of control samples of each type, no other periods have reached the level of significance of the 16.35-day period for FRB 180916.J0158+65 by chance coincidence.
Alternative search methods, such as folding the events and evaluating the resulting profiles using the H-test 13 , and discrete Fourier transform searches with incoherent harmonic summing 14 , also return the 16.35-day period, with nominal significances between 4 and 11σ under various assumptions (see Methods). Figure 2 shows the arrival times of the bursts from FRB 180916.J0158+65 from 28th August 2018 to 30th September 2019, together with the daily exposure to the source and instrument sensitivity. The instrument was operating for the majority of this time interval with nominal sensitivity; however, the bursts are seen to be detected only in a narrow interval at the reported periodicity. Notice, the short regular daily exposure of CHIME leads to a degeneracy between frequency f 0 = 1/P 0 = 1/(16.35 day) and aliases f N = N f sid ± f 0 , where N is an integer and f sid = 1/(0.99727 day) is the frequency of a sidereal day. For non-zero N , the period will be in the order of hours to a day. There are several reasons to favour N = 0 (see Methods), but we cannot rule out non-zero N . Nevertheless, a significant periodicity must exist for such an aliasing to happen, i.e. the statistical significance that an astrophysical periodicity exists remains unaffected. A modest amount of data with bursts detected outside the CHIME observing windows can determine the true period 1 . We conclude that this is the first detected periodicity of any kind in an FRB source.
In addition to the CHIME/FRB detections, FRB 180916.J0158+65 was detected by the European Very-long-baseline-interferometry Network (EVN) during 3.5 hours of exposure on 19th June 2019 at a central frequency of 1.7 GHz 10 . The EVN arrival times appear at the very leading edge of the active phase determined from analysis of CHIME/FRB timing data at lower frequencies of 400−800 MHz (Figures 2 and 3 ). On the other hand, during a predicted epoch of peak activity (29th October 2019 and 30th October 2019), we observed towards the direction of FRB 180916.J0158+65 for 17.6 h using the 100-m Effelsberg telescope at 1.4 GHz (see Methods). In the search, we did not detect any bursts above a fluence limit of 0.17 Jy ms (for bursts with widths of 1 ms). These observations were contemporaneous with two CHIME/FRB detected bursts from FRB 180916.J0158+65. The detection of bursts with CHIME/FRB with only ∼12 min daily exposure and simultaneous non-detection with Effelsberg with 17.6 h exposure in two peak active days is suggestive of a frequency dependence to the burst activity. Future multi-frequency radio observations of FRB 180916.J0158+65 will aid in understanding the relationship between burst activity and emission frequency.
The burst activity is not constant within the active phase (Figure 3c ), causing the burst-rate estimate to depend strongly on the definition of the active phase. The detection rate estimated with the CHIME/FRB system in a ±0.8-day interval (standard deviation in the phases derived by folding burst arrival times) around each epoch of activity is 1.8 +1.3 −0.9 bursts hour −1 above a fluence threshold of 5.2 Jy ms. The rate is estimated from 12 of the 28 detections with the associated 95% confidence limits based on Poisson statistics (see Methods). For a ±2.6-day interval which includes the arrival times of all bursts, we find the detection rate to be 1.0 +0.5 −0.4 bursts hour −1 , based on 19 of the 28 detections. (Although all bursts are emitted in a 4.0-day phase window, the above interval is larger as it assumes the activity window to be symmetric about the mean phase of burst arrival times.) The 95% confidence upper limit on the detection rate during inactive phases with non-zero exposure is 0.07 bursts per hour above a fluence threshold of 5.1 Jy ms. Fluence thresholds are complete to the 90% confidence level. Figure 3 shows the burst fluence and DM as a function of phase. The phase is computed by folding burst arrival times at a period of 16.35 days with MJD 58369.30 referenced as phase 0. In this definition, phase 0.5 corresponds to the mean of the folded arrival times. There is no apparent trend of burst fluence in the 400-800 MHz band with phase. The best-fit DMs of four CHIME/FRB bursts with high time resolution data (marked red), as well as the DM of the brightest burst detected by the EVN 10 , which is accurately determined due to the bursts narrowness, are consistent with each other, constraining changes in DM to be < 0.1 pc cm −3 . These bursts are detected over a time span of ∼ 176 days, which strongly constrains any potential DM variation within this time period. The DMs of the other bursts, although possibly subject to important biases (see Methods), disfavour DM changes greater than 2 pc cm −3 over the full 400-day span of the events. In summary, there is no obvious phase-or time-related change in DM in the current data.
Bursts from FRB 180916.J0158+65 and other repeating FRB sources display complex morphological features: they tend to exhibit 100-200 MHz bandwidth at different central frequencies, with temporal widths of a few ms to tens of ms; some exhibit downwarddrifting sub-bursts at a few to tens of MHz ms −1 in the CHIME band 4 , up to almost a GHz ms −1 at 6.5 GHz in the case of FRB 121102 15, 16 . We observe no trend in burst temporal width or bandwidth for burst detections by CHIME/FRB thus far, neither as a function of time nor phase. Moreover, drifting sub-bursts appear to occur at all phases. In fact, when dedispersed to the average best-fit DM from high-resolution baseband data (as in Extended Data Figure 2 ) nearly all bursts seem to exhibit downward-drifting subbursts.
The discovery of a 16.35-day periodicity in a repeating FRB source is an important clue to the nature of this object. One possible explanation is orbital motion, with either a stellar or compact-object companion. Given the source's location 10 in the outskirts of a massive spiral galaxy, a supermassive black hole companion seems unlikely, although lower-mass black holes are viable. Binary systems permit measurements of system properties including the presence of a companion wind and the matter inhomogeneities in the environment of the system via DM and/or rotation measure variations. In case the bursts scintillate even the inclination of the binary orbit and the companion mass can be determined [17] [18] [19] . The single constraint on the orbital period still allows several orders of magnitude range in companion mass amongst known stellar-mass compact object binaries: from so-called "black widow" binary systems, consisting of a low-mass star and a powerful millisecond pulsar whose wind ablates the companion 20 (albeit typically with few-hour orbital periods), to massive O/B stars with highly eccentric companion pulsar orbits [21] [22] [23] . In Galactic binaries composed of a massive star and pulsar, bright X-ray and γ-ray emission can be observed 24 , and if in the future detected in this system, would be a strong diagnostic, though the much larger distance to FRB 180916.J0158+65 (∼ 149 Mpc 10 ) will make a detection challenging with current instruments. The narrow duty cycle for bursting in the FRB 180916.J0158+65 system could be related to eccentricity: a stellar companion could stimulate emission through a physical wind 25, 26 , or a black hole through magnetic/tidal interactions 27 . Propagation effects, including plasma eclipse and magnification, could also play a role; FRBs could be generated if, for example, giant radio pulses from an energetic neutron star are strongly lensed/eclipsed by the companion wind/disk near periastron 20, 21, 28, 29 . The strong chromacity of the FRB spectrum resembles pulsar plasma lensing 28, 30 . However, a challenge for this picture is the preference of downward-drifting frequency structure in observed bursts (see Fig. 2 ). This would require a time-motion asymmetry, for example shocks in a companion wind. Isolated compact object scenarios may be consistent with the data, but also present challenges. One popular model to explain repeating FRBs invokes a magnetar central engine [31] [32] [33] . A periodicity could arise from the rotation of such a star. However, known Galactic magnetars 34 have rotation periods <12 s. One young 6.67-hr X-ray pulsar has been argued to be a magnetar 35, 36 , with torque from a disk of material having spun it down. However, simulations of such "fall-back disks" 37 suggest it is difficult to produce periodicities of several hours, let alone several weeks. A handful of known radio pulsars show intermittent, quasi-periodic emission intervals having periods of several days, and which are known to be magnetospheric in origin 38 (though otherwise poorly understood). However, those sources' radio luminosities are at least nine orders of magnitude lower than in this, and all other, FRB sources. A precessing, isolated spinning pulsar could modulate the visibility. Long-lived precession in isolated neutron stars was thought impossible because of rapid damping due to superfluid vortex line pinning in the stellar interior 39 . More recent work [40] [41] [42] incorporates modifications to the superfluid properties and may allow for precession. If the source were precessing, the bursts would likely be emerging from a fixed region on the star, likely a magnetic pole, and the ∼0.2 burst active phase would suggest either a small viewing angle or a large polar region, possibilities that may be distinguishable using observations of the variation of the position angle of linearly polarized emission.
Future observations, both intensity and polarimetric, and at all wavebands, could distinguish among models and are strongly encouraged, as are searches for periodicities in other repeaters, to see if the phenomenon is generic. 
Methods
Burst characterization: Burst DMs and models of dynamic spectra were determined in a manner similar to that used for earlier detections of the source 3 . In summary, bursts were dedispersed to a fiducial DM = 349.75 pc cm −3 and their DMs were subsequently optimized to maximize structure by calculating the phase coherence of emission in all frequency channels with the DM phase package 2 (Seymour et al. in prep.) over a range of trial DMs. The alignment of sub-bursts in burst dynamic spectra was verified by eye and best-fit values are listed in Extended Data Table 1 .
In addition, we fit structure-optimizing DMs using the same method for four FRB 180916.J0158+65 bursts for which complex voltage (baseband) data were saved to disk: the 181225 and 181226 bursts presented previously 4 , and the 190604 burst and second 190605 burst presented in this work. The baseband system has a 2.56-µs time resolution and 0.390625-MHz frequency resolution, but we downsampled the data in time to 40.96, 40 .96, 20.48 and 81.92 µs, for the four bursts respectively, to optimize S/N and resolution. We find DMs 348.78±0.02, 348.82±0.02, 348.82±0.05 and 348.86±0.05 pc cm −3 , respectively, align the sub-structures in the four bursts best. We note that DMs measured from CHIME/FRB intensity data, which have 0.98304-ms time resolution, are biased high if a burst is comprised of unresolved downward-drifting sub-bursts that only become obvious at higher time resolution. As the DMs fitted at high time resolution are all consistent with one average DM = 348.82 pc cm −3 , which is also consistent with the DM of the brightest burst detected by the EVN 10 , we use that value to dedisperse intensity data for visualization of the millisecond-resolution data.
Dynamic spectra for the four bursts for which the baseband data (at a time resolution of few tens of µs) were analyzed are shown in Extended Data Figure 1 and dynamic spectra of the intensity data (at ∼millisecond time resolution) for the 16 new bursts presented in this work are shown in Extended Data Figure 2 .
Single-or multi-component models of dynamic spectra were fit to millisecond-resolution total-intensity data acquired for each burst using a least-squares algorithm 3, 4, 16, 43 . We applied two-dimensional models of spectra that consisted of Gaussian temporal shapes and either Gaussian or weighted power-law spectral energy distributions. Due to the complex, varying structure of bursts from this source, we report best-fit parameters using models that do not explicitly fit for one-sided scattering tails, and thus yield estimates of "observed" widths. Best-fit observed widths and burst arrival times, referenced to the Solar System Barycentre and infinite frequency using per-burst DMs and the EVN position 10 for this source are presented in Extended Data Table 1 .
Two CHIME/FRB events from FRB 180916.J0158+65 (on MJDs 58392 and 58720) consist of two sub-bursts that occur widely separated in time, with no emission observed between them. In such cases it is unclear whether these pairs of bursts belong to the same envelope emitted by the source, or if they instead represent distinct moments of source activity. Given this ambiguity, we here consider them to be separate bursts. One of the events is reported before 4 . Therefore, while we report on 10 events registered by the CHIME/FRB instrument previously 4 , we report values for 11 bursts in Extended Data Table 1 .
The burst flux calibration method is nearly identical to that previously presented 4 , with one crucial difference. Previously we assumed that each burst was detected along the meridian of the primary beam, at the peak sensitivity of its declination arc. Under this assumption, we calibrated using meridian transit observations of bright sources near the declination of each burst to obtain lower-bound fluences and fluxes. For the current analysis, we instead leverage the precise localization 10 of FRB 180916.J0158.6 combined with our beam model to scale the fluences and fluxes and obtain more accurate values. From the beam model, we determine a per-frequency scaling between the location of the calibrator at the time of transit and the location of the FRB at the time of burst occurrence. We apply this scaling to the calibrated dynamic spectrum of each burst before generating the band-averaged time series from which the fluence and flux are calculated. If there were multiple sub-bursts in a given burst, then separate fluences and fluxes were obtained for each component.
We use this method to calculate fluences and peak fluxes for all FRB 180916.J0158.6 bursts detected by CHIME/FRB, including recalculations for the ten previously published bursts 4 . More specifically, for each burst located within the FWHM (at 600 MHz) of the synthesized beam in which it was detected, we complete the scaling analysis using the precise position. For all other bursts, we use the method previously presented 4 to obtain lower bounds. For each calculation, we use meridian transit observations of the supernova remnant SNR G130.7+03.1, which is located within 1 • in declination from FRB 180916.J0158.6. Fluences and peak fluxes for all bursts are listed in Extended Data Table 1 . For bursts within the beam FWHM, fluences calculated using the precise position are on average ∼40% larger than the corresponding lower bounds calculated assuming detection along the meridian.
Including both newly and previously detected bursts, but omitting those for which only lower bounds could be calculated, we obtain a population of fluences for 19 FRB 180916.J0158.6 bursts, or a total of 26 sub-bursts. The cumulative distribution function of the 26 sub-burst fluences (N (> F ) ∝ F α+1 where N is the number of bursts detected above a fluence of F ) is shown in Extended Data Figure 3 . We determine the powerlaw index, α, of the differential distribution (dN/dF ∝ F α ) using maximum-likelihood estimation methods 44, 45 . The turnover in the distribution at lower fluences could be due to our telescope sensitivity limit or the intrinsic burst distribution. To remain agnostic about the cause of the turnover, we pick a fluence threshold that minimizes the Kolmogorov-Smirnov distance between an estimated power law and the underlying distribution. The resulting 6.4 Jy ms threshold is shown in Extended Data Figure 3 as a black dashed vertical line, while our 5.0 Jy ms active period 90% confidence completeness threshold is shown as a blue dash-dotted line. Excluding bursts below the Kolmogorov-Smirnov threshold, we complete a Monte Carlo simulation which resamples the fluences according to their uncertainties to obtain a distribution of estimated power law indices determined using a maximum-likelihood estimator at each resampling. The mean of the resulting distribution is α = −2.5 ± 0.4 ± 0.1, where the first error is the statistical uncertainty from the maximum-likelihood estimator and the second error is the standard deviation of the index distribution.
This value is consistent with previous results 7 , which found that the cumulative distribution of energies from FRB 121102 bursts detected at 1.4 GHz using Arecibo followed a power law with γ = −1.8 ± 0.3 (equivalent to a differential distribution index of α = γ − 1 = −2.8). Both of these values are steeper than the α ∼ −1.7 determined using separate samples of FRB 121102 bursts detected by the Very Large Array at 3 GHz, the Green Bank Telescope at 2 GHz, and Arecibo at 1.4 GHz 46 .
Although the comparison of these values is potentially interesting, we reiterate that all are almost certainly contaminated by instrumental biases and likely do not faithfully reflect the underlying source distributions. More robust conclusions about the intrinsic source luminosity function must wait until our CHIME/FRB detection biases are properly evaluated.
Significance of the period To search for the period, we fold the burst arrival times with different periods, and group the folded bursts into n phase bins 11 . The folding and grouping of the arrival times make the search relatively insensitive to randomly occurring gaps in the data as long as the exposure is reasonably uniform across phase bins. We then perform the classic Pearson χ 2 test for deviation from uniformity:
where n is the total number of phase bins, N i is the observed number of bursts in bin i, E i = pT i is the expected number of bursts from a uniform distribution, T i the exposure time for bin i, and p = N i / T i the average burst rate per unit exposure time. In the case of uniformity, the calculated χ 2 statistic for different folding periods should follow a chi-squared distribution with n − 1 degrees of freedom (DOF) in the limit as N → ∞. A reduced χ 2 1 indicates a periodicity unlikely to arise by chance. Note that this χ 2 test, as well as similar tests, implicitly assumes (1) the arrival time of each burst is independent; (2) the number of bursts in each bin follows a Gaussian distribution. Both of the assumptions may fail in the study of FRB arrival times, where the sample size is small, and the arrival of bursts could be non-Poisson. Therefore, after the search, we have applied several approaches to verify the significance.
We searched for periods from P min = 1.57 days to P max = 62.8 days in steps of 0.1/T in frequency (i.e. inverse of the period) space, where T = 408 days is the longest separation between burst arrival times. We currently only search for periods of days, as opposed to smaller time scales, to avoid the complexity introduced by the cadence of the source transiting CHIME at a sidereal day and CHIME's beam response during the daily exposure. Moreover, the number of independent periods that need to be searched is proportional to 1/P , so the "look elsewhere" effect would be orders of magnitude larger for searches with short periodicity, leading to periodicities arising by chance. P min is chosen to be sufficiently larger than a sidereal day such that the modulation of the Fourier spectrum from the sidereal day fades away. P max is chosen so that the extent of the observation time consists of enough cycles. The numbers are chosen to be integer multiples of the irrational number π to avoid integer multiples of the sidereal day, which will lead to uneven exposure across the phase bins.
After calculating the χ 2 against folding period, we noticed a distinct peak at P = 16.35 ± 0.18 days, whose reduced χ 2 = 15 with 8 phase bins (7 DOFs) . This corresponds to a probability of chance coincidence of 10 −17 (equivalent to 8.5 σ) after taking into consideration the number of independent trials searched N ind = (1/P min − 1/P max )T ∼ 250. The period uncertainty is conservatively estimated by σ P = P W active /T span , where P is the period, W active is the active days in the period, and T span is the longest time separation between burst arrival times. It corresponds to a change in period that would allow the folded phase to drift across the active cycle over the observed time span, and the calculated error also corresponds to the FWHM of the peak in the periodogram. Since the total number of bursts is not large enough for perfect Gaussian approximation, we verify this significance with a simple calculation. Given that all the bursts arrive in a 4-day phase window, the chance of 28 bursts all falling into the window is (4/16.35) 27 , which corresponds to 7.5σ after taking into account 250 independent trials searched.
The above analysis shows that there is a significant 16.35-day periodicity in the arrival times of FRB 180916.J0158+65 assuming all the bursts are independent events (Poisson statistics). However, with the first repeater, FRB 121102, where no periodicity has currently been found, the bursts are observed to be clustered 12 . This triggers the concern that the arrival times of nearby bursts may not be independent. In order to reduce the influence of clustering on our results, we apply the same search using active days, instead of the individual bursts, by assigning a total weight of unity to bursts that arrived on the same sidereal day, so that they are considered as one independent sample. After weighting, there are 18 active dates, for the 28 bursts detected by CHIME/FRB. In this way, we also reduce the influence from inaccurate mapping of beam response within the exposure of a sidereal day.
After weighting the events, the distinct peak at 16.35 days persists in the χ 2 against folding periods, followed by a peak at its harmonic of ∼ 32.7 days. The reduced χ 2 versus period with 8 phase bins is shown in Figure 1a . For a χ 2 distribution of 7 DOF, the corresponding chances of the highest peak is ∼ 10 −7 , equivalent to 5 σ, taking into consideration the number of independent trials searched. And the chance of 18 independent samples to falling into the 4-day window is (4/16.35) 17 , which corresponds to 5.7 σ after considering the 250 trials searched.
Given that the 16.35-day periodicity is not an integer number of sidereal days, the influence of the exposure map on the significance is small. To further exclude the possibility of instrumental periodicity, we applied bootstrap tests to the mock burst arrival times randomly sampled according to the daily exposure to FRB 180916.J0158+65 within the FWHM of the telescopes synthesized beams at 600 MHz, as well as to a random selec-tion of single bursts from Galactic radio pulsars at similar declinations and detected by CHIME/FRB. An example of the reduced χ 2 versus period from two sets of the random samples with the same number of active days as FRB 180916.J0158+65 is shown in Figure 1b (random sample selected according to the exposure map) and Figure 1c (random samples from the detection of PSR B2319+60). With 10 6 sets of random samples from the exposure map, and 10 6 sets each from PSR B2319+60, B0138+59, B2224+65, we have not found any period, unrelated to sidereal day, as significant as the 16.35-day period for FRB 180916.J0158+65.
For a most conservative case, we assume all the bursts arriving in the active phase of the same cycle are clustered due to mechanisms irrelevant to the periodicity, the chance of 11 cycles of bursts all falling in the 4-day window is still only (4/16.35) 10 , which corresponds to 3.8σ after taking into account 250 independent trials searched. A similar result (3.5 sigma) is obtained by assigning a total weight of units for bursts with separation less than 4 days and searching for periods. The 16.35-day periodicity is still the most prominent peak with this approach. Therefore, we conclude that the periodicity is significant even after taking into account potential clustering.
We also performed the H-test summing over 8 harmonics 13 , and Discrete Fourier Transform searches with incoherent harmonic summing 14 on the arrival times of FRB 180916.J0158+65. With all the approaches, with or without subtracting the exposure map, with different weighting, the ∼ 16.35 ± 0.18 day period remains prominent, and the significance varies between 4−11 σ. No other statistically significant periods (other than those harmonically related to this ∼ 16 day-period) appear in the searched range.
Although the definite value of the significance of the observed periodicity is undetermined due to our incomplete knowledge of the underlying burst distribution, the periodicity is obvious with all the approaches we have tried, and does not exist in any of the control samples. Therefore, we conclude that the periodicity of FRB 180916.J0158+65 is significant and astrophysical in origin.
Aliasing due to limited daily exposure The short regular daily exposure of CHIME could lead to a degeneracy between frequency f 0 = 1/P 0 = 1/(16.35 day) and an alias f N = N f sid ± f 0 , where N is an integer, f sid = 1/(0.99727 day) is the frequency of a sidereal day. An upper limit on N can be estimated using observed duty cycle (D) over exposure time i.e. the duty cycle of the intrinsic period should be longer than the exposure time. With the observed 16.35-day period, all bursts arrive in 4-day phase window. With 12 min, i.e. 0.008 sidereal day, daily exposure, the upper limit on N is 4/16.35/0.008 = 29. However, 50% of the CHIME bursts are detected in a 0.5-day phase window, with the event rate dropping rapidly towards the edges of the active phase. If 0.5 day is the width of the active phase, the duty cycle is 0.03, and N > 4 would be disfavoured. We slightly favour N = 0 for several reasons: (i) if there is aliasing, the observed frequency f 0 should be randomly distributed between 0 and 0.5 day −1 . However, f 0 = 1/16.35 = 0.06 day −1 is on the low side of that range, which seems slightly fine-tuned (chances to have f 0 0.06, i.e. p-value is 0.06/0.5 = 0.12); (ii) if we define the duty cycle D to be the fractional phase that contains half of the events, then N = 0 has the smallest D= 0.03, followed by N = 1, D= 0.04, with larger D for higher N ; (iii) for most physical models, we expect the bursts detected in the 1.7 GHz EVN observations to have the same periodicity, with alignment of epochs of maximal activity. Calculating the standard deviation of the EVN burst phases and comparing with the average phase of the CHIME detections, N = 0 has the smallest standard deviation, σ EVN = 0.14, followed by N = 6, a period of 0.17 day, with σ EVN = 0.24. Despite those arguments to favour N = 0, or a periodicity of 16.35-day, we cannot unambiguously rule out other values of N with current data. Nevertheless, a significant astrophysical periodicity must exist for aliasing to happen. This degeneracy would be easy to rule out using follow-up observations with different exposure from CHIME's.
Exposure & Fluence Completeness Determination
The exposure to the EVN position 10 for the source was calculated by adding up the duration of daily transits across the FWHM region of the synthesized beams of the CHIME/FRB system at 600 MHz. After excluding transits for which the observations were interrupted by pipeline upgrades and testing, we estimate the total exposure to be 64 hours in the interval from 2018 August 28 to 2019 September 30. We report exposure up to 2019 September 30 since several upgrades were made to the CHIME/FRB detection pipeline through 2019 October making characterization of the exposure and sensitivity variation difficult. The increased exposure time for several days in 2019 February is due to occurrence of two transits in the same UTC day caused by the differing lengths of a solar and a sidereal day (see Figure 2 ).
Since the burst activity is not constant within the active phase (see Figure 3c ), we derive two estimates of the exposure and detection rate for the active phases of the source. These estimates assume different durations of the active phase, one being the standard deviation in the phases derived by folding burst arrival times at the 16.35-day period (±0.8-day interval) and the other being a ±2.6-day interval which includes the arrival times of all bursts.
A total of 7 hours of the exposure was within a ±0.8-day interval of estimated epochs of source activity, with 12 out of the 28 reported bursts detected in this period. The other 16 bursts were not included in the calculation of the detection rate for various reasons. Seven of these bursts were emitted outside the fiducial definition of the active phase, two of these bursts were detected in October 2019 (after the interval used for the evaluation of the exposure), six were detected when the source location was not within the FWHM region of the synthesized beams at 600 MHz and one was detected on 2018 September 16 when system metrics were not being recorded by the detection pipeline.
The CHIME/FRB system was operating nominally for a total of 20 hours in the active phases defined as a ±2.6-day interval around each epoch of source activity. Nineteen of the 28 detections occurred during intervals included in this exposure time, with seven bursts which were excluded from the previous definition of the active phase being included here. The exposure in the inactive phase (outside the ±2.6-day intervals around the estimated epochs of activity for the source) was a total of 44 hours.
In order to characterize the variation in sensitivity (due to changes in gain calibration, the detection pipeline and RFI environment) for each day included in the exposure, we use a method described previously 16 . We analyze the distribution of S/Ns of pulsars detected with the CHIME/FRB system within 10 • of the source declination. In contrast to the approach used previously 16 , we use pulsars which were detected on each sidereal day for which the telescope was operating with the same gain calibration, instead of within a UTC day. For each pulsar, the rms noise is measured relative to the median over all days the pulsar was detected. A weighted average of these measurements for all pulsars provides an estimate of the overall variation in rms noise on each sidereal day.
Fluence completeness was determined following previously reported methods 4, 16 . We use the bursts reported in Extended Data Table 1 to simulate fluence thresholds for both the active and inactive periods, finding completeness at the 90% confidence interval of 5.2 Jy ms and 5.1 Jy ms, respectively. Table 2 . We observed with a total bandwidth of 250 MHz, from 1234 MHz to 1484 MHz, divided into 2048 channels. The data were recorded with a time and frequency resolution of 131.072 µs and 0.122 MHz, respectively.
Effelsberg observations and analysis
The high-time resolution data were analyzed in the search for millisecond-duration radio bursts, using tools from the PRESTO suite of pulsar software 48 . The data were first searched for radio frequency interference (RFI), and the contaminated frequency channels and time intervals were masked using the tool rfifind. Dedispersed time series were generated for the DM range 300-400 pc cm −3 in DM steps of 0.3 pc cm −3 using the tool prepdata. We searched each dedispersed time series for single pulses using single pulse search.py. The single pulses identified were filtered for RFI in the search for astrophysical bursts, above a 7σ threshold, using an automated classifier 49, 50 . Given the frequency resolution of the PSRIX data, the intra-channel smearing is ∼ 0.15 ms at the DM of FRB 180916.J0158+65. This is comparable to the time resolution of the data. Our search was sensitive up to burst widths of 39.3 ms. Bursts from FRB 180916.J0158+65 have been observed with components as narrow as ∼ 60 µs 10 . Therefore, it is possible that FRB 180916.J0158+65 is producing weak, narrow bursts that we were not sensitive to in this search.
In this search we did not detect any bursts from FRB 180916.J0158+65 above a 7σ threshold. By taking typical values of the system temperature and gain for Effelsberg (T sys ≈ 20 K, G ≈ 1.54 K Jy −1 ), estimating a background temperature of 5 K using the 408 MHz all-sky map 51 and extrapolating to 1.4 GHz using a spectral index 52 of −2.7, we use the radiometer equation to derive the fluence limit of our search (following 53 ). Assuming a burst width of 1 ms, we were sensitive to bursts from FRB 180916.J0158+65 above a fluence threshold of 0.17 Jy ms.
Interestingly, during this predicted active epoch of FRB 180916.J0158+65, two bursts, with a fluence exceeding 2 Jy ms, were detected by CHIME/FRB (Extended Data Table 1). The time of arrival of both bursts are within the same Effelsberg scan indicated in Extended Data Table 2 . Given our detection threshold of 0.17 Jy ms, if these bursts were equally bright at 1.4 GHz, our search was sufficiently sensitive to detect them. The spectra of the two CHIME/FRB bursts peak in the lower half of the 400-800 MHz band. The detection of bursts with CHIME/FRB and contemporaneous non-detection with Effelsberg suggests that observed activity from FRB 180916.J0158+65 depends on frequency. In addition, the previously detected bursts from FRB 180916.J0158+65 with the EVN at 1.7 GHz are found at the leading edge of the activity cycle observed at 400-800 MHz (Figure 3) . Future multi-frequency observations of FRB 180916.J0158+65 during predicted active periods are crucial in order to quantify this behaviour. Excluding bursts detected beyond the 600 MHz FWHM of any CHIME/FRB synthesized beam, this includes 19 bursts split into sub-bursts, yielding 26 fluence measurements. The black solid line represents the maximum-likelihood estimated power law with differential distribution index α = −2.5 ± 0.4 ± 0.1, where the first error is the statistical uncertainty from the maximum-likelihood estimator and the second error is the standard deviation of the distribution of power-law indices obtained from a Monte Carlo simulation that resamples the fluences according to their uncertainties. The black dashed vertical line denotes the 6.4 Jy ms threshold determined by minimizing the Kolmogorov-Smirnov distance between a power-law fit and the underlying data. The blue dash-dotted vertical line denotes the 5.0 Jy ms active period 90% confidence completeness threshold.
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Extended Data Table 1 : Burst Properties. Best-fit parameters for 28 bursts from FRB 180916.J0158+65 detected by CHIME/FRB. Uncertainties are reported at the 68.3% confidence level. Bursts with multiple components have one arrival time and several widths, fluences, and peak fluxes reported; the arrival time refers to the arrival of the first subburst from the EVN position at the Solar System Barycentre after correcting to infinite frequency (i.e., after removing the time delay from dispersion) using the listed DM. Fluence and peak flux values for each sub-burst component are presented in order of arrival. 
